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SUMMARY 


Basic thickness forms of the NACA 63 -, 64-, 65 -series and NACA 63 A-, 
64A-, 65 A-series airfoil sections are tabulated for thicknesses of 2, 3> 

4, and 5 percent chord. Also presented for these thin airfoil sections 
are theoretical values of pressures and velocity ratios required to 
obtain theoretical airfoil pressure distributions. In addition, for each 
family of airfoil sections, cross plots are presented from which ordinates 
and pressure distributions can be easily obtained for airfoil sections 
of thicknesses intermediate to those presented in this report, in NACA 
Report 824 (from 6 to 21 percent chord for the NACA 6 -series), and in 
NACA Report 903 (from 6 to 15 percent chord for the NACA 6 A-series). 


INTRODUCTION 


In order to minimize the wave drag of supersonic aircraft, the wings 
and tail surfaces are designed with the use of airfoil sections thinner 
than 6 percent chord. Ordinates for only a few of these thin airfoils 
are published and these are not conveniently located in a single report. 
This report will supplement the information presented in references 1 
and 2 and provide the ordinates of additional airfoil sections useful 
in design of supersonic aircraft. 

The information presented in this report includes tabulated ordinates 
for symmetrical NACA 6 - and 6 A-series airfoil sections with thicknesses 
of 2 , 3 , 4 , and 5 percent chord and a simplified method of obtaining 
ordinates for any thickness intermediate to published values from 2 
to 21 percent chord for NACA 63 -, 64-, and 65 -series and from 2 to 
15 percent chord for NACA 63 A-, 64A-, and 65 A-series airfoil sections. 

In addition, a simplified procedure is presented for obtaining the 
pressure distributions about airfoil sections of intermediate thicknesses. 
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SYMBOLS 


c chord of airfoil 

t maximum thickness of airfoil 

Vqo free -stream velocity 

V local velocity at any point on airfoil surface 

ZW increment of local velocity 

AV a increment of local velocity caused by additional type of load 

distribution 

x distance along chord from leading edge 

y distance perpendicular to chord 


DISCUSSION 


The basic thickness forms for the NACA 63-, 64-, 65-series and 
NACA 63A-, 64A-, 65A-series airfoil sections with thicknesses of 2, 3* 
4, and 5 percent chord are presented in the tables of figures 1 to 24. 
For the 6A-series airfoil sections, where a trailing-edge radius is 
specified, an ordinate is presented for the 100-percent- chord station 
to serve as a guide in fairing the rear portion of the airfoil. The 
theoretical methods of references 1 and 2 were used to derive the 
2-percent-thick airfoil sections of the NACA 63-, 64-, 65-series and 
the NACA 63A-, 64A-, 65A-series families, respectively. Although 
not exactly correct, ordinates for thickness ratios intermediate to 
those presented in references 1 and 2 and in the present report can 
be obtained for all practical purposes by the following method which 
was used to obtain the ordinates for the 3-> 4-, and 5-P ercen 4 -thick 
airfoil sections tabulated herein. For each family of airfoils, the 
ratio obtained by dividing the ordinate y at each chordwise station 
by the maximum thickness t is plotted against the airfoil maximum 
thickness in percent airfoil chord as presented in figures 25 to 30. 
From these cross plots, the ratio y/t at each chordwise station cam 
be obtained at the desired value of maximum thickness. Values of the 
ratio of the leading-edge radius to the maximum thickness squared as 
a function of maximum thickness t are presented for the NACA 6-series 
and 6A-series airfoil sections in figures 31 and 32, respectively. 
Addition of a cambered mean line to the basic thickness form is accom- 
plished with the use of the mean-line data of references 1 and 2. 
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The theoretical pressure distributions, indicated by (v/Vo) 2 , for 
each of the symmetrical airfoil sections presented are also tabulated 
in figures 1 to 24. In order to obtain the theoretical pressure dis- 
tributions for these airfoil sections at angles of attack and/or with 
cambered mean lines, the procedure described in reference 1 can be used. 
In this method of calculating the pressure distributions, the velocity 
distribution about an airfoil section is considered to be composed of 
the following three separate and independent components: 


(1) The distribution corresponding to the velocity distribution 
over the basic thickness form at zero angle of attack (v/Voo) 

(2) The distribution corresponding to the design load distribution 
of the mean line ^AV/ Vooj 


(3) The distribution corresponding to the additional load distribu- 
tion associated with angle of attack ^AV a /Vooj 

Values of the velocity- increment ratio Av/v^ are presented in 
references 1 and 2 and values of the velocity ratio v/Voo and the 
velocity- increment ratio ZW a /Voo are tabulated in figures 1 to 2k . For 
each family of airfoil sections, values of (v/v^) 2 and AV a /Voo for 
intermediate thicknesses can be obtained from figures 33 to 4k. In these 
figures, (v/Voo) 2 and AV a /Voo are plotted as a function of the maximum 
airfoil thickness t in percent chord for each chordwise station. 


Careful comparison of the ordinates and pressure ratios tabulated 
in references 1 and 2 with the faired cross plots of figures 25 to 44 
shows some discrepancies. Although these discrepancies are small enough 
to be disregarded for all practical purposes, the values obtained from 
the faired cross plots are preferred for design considerations. 
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Figure 1.- NACA 63 - 002 basic thickness form. 
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Figure 2.- NACA 6 3 -OO 3 basic thickness form. 


6 


NACA TN 1+322 


1.2 


(V/Voj ) 


.8 

2 

•h 


O 20 1|0 60 80 100 

x, percent c 


percent c 

y, 

percent c 

(V/VJ 2 

V/Vc 

AV a /V M 

0 

0 

0 

0 

6.711 

•5 

• 330 

1.010 

1.005 

2.212 

• 75 

.404 

1.049 

1.024 

1.789 

1.25 

•513 

1.068 

1.033 

1-395 

2.5 

• 705 

1.082 

1.040 

• 991 

5-0 

.976 

1.091 

1.045 

.696 

7-5 

1.178 

1.097 

1.047- 

.560 

10 

1.541 

1.100 

1.049 

.482 

15 

1.590 

1.106 

1.052 

• 383 

20 

1-770 

1.109 

1.053 

• 321 

25 

1.894 

1.112 

1.055 

.278 

30 

1.969 

1.114 

1-055 

.245 

35 

2.000 

1.111 

1.054 

.218 

40 

1.984 

1.108 

1.053 

• 195 

45 

1-924 

1.100 

1.049 

•175 

50 

1.824 

1.091 

1.045 

.158 

55 

1.689 

1.078 

1.038 

.142 

Go 

1.525 

1.065 

1.032 

.127 

6 5 

1.336 

1.049 

1.024 

.113 

70 

1.129 

1.033 

1.016 

.100 

75 

.910 

1.015 

1.007 

.087 

80 

.686 

• 997 

• 998 

• 075 

85 

.466 

• 978 

.989 

.063 

90 

.265 

• 958 

• 979 

.048 

95 

.096 

• 939 

.969 

• 033 

100 

0 

.921 

.960 

0 

L.E. radius 

0.128 percent c 




Figure 3*- NACA 63-004 basic thickness form 
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Figure 4.- NACA 63 -OO 5 basic thickness form. 
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Figure 5-- NACA 64-002 basic thickness form 
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Figure 6.- NACA 64-003 basic thickness form 
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Figure 7 .- NACA 64-004 basic thickness form. 
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Figure 8.- NACA 64-005 basic thickness form 
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Figure 9 .- NACA 65-002 basic thickness form 
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Figure 10.- NACA 65 -OO 3 basic thickness form. 
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Figure 11.- NACA 65-004 basic thickness form 
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Figure 12.- NACA 65 -OO 5 basic thickness form. 
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Figure 13 .- NACA 63A002 basic thickness form 
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Figure 14 .- NACA 63AOO3 basic thickness form 
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Figure 15 .- NACA 63A004 basic thickness form. 
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Figure 16.- NACA 63AOO5 basic thickness form 
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Figure 17.- NACA 64A002 basic thickness form 
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Figure 18.- NACA 64A003 basic thickness form 
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Figure 19.- NACA 64-A004 basic thickness form. 
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Figure 20.- NACA 64A005 basic thickness form 
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Figure 21.- NACA 65 AOO 2 basic thickness form 
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Figure 22 .- NACA 65 AOO 3 basic thickness form 
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Figure 23* - NACA 65 AOO 4 basic thickness form 
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Figure 24.- NACA 65 AOO 5 basic thickness form 
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Figure 25 .- Variation of ratio of ordinate to maximum thickness with air- 
foil maximum thickness for the NACA 63 -series airfoil sections. 
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(b) x = 15 to ^5 percent c 
Figure 25.- Continued. 
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(c) x = 50 to 60 percent 
Figure 25.- Continued. 
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Figure 25.- Continued. 
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Figure 25*- Concluded 
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(a) x = 0.5 to 10 percent c. 

Figure 26.- Variation of ratio of ordinate to maximum thickness with air- 
foil maximum thickness for the NACA 64-series airfoil sections. 
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(b) x = 15 to percent 
Figure 26.- Continued. 
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(c) x = 50 to 60 percent c. 


Figure 26 .- Continued 
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Figure 26.- Continued 
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(e) x = 80 to 95 percent c. 
Figure 26.- Concluded. 
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Figure 27 *- Variation of ratio of ordinate to maximum thickness with air- 
foil maximum thickness for the NACA 65-series airfoil sections. 
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Figure 27*- Continued 
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(c) x = 45 to 60 percent c. 


Figure 27 .- Continued 


Ratio of ordinate to maximum thickness 
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(d) x = 65 to 70 percent c. 
Figure 2J.~ Continued. 
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Figure 27 • - Continued. 
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Concluded 
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Figure 28.- Variation of ratio of ordinate to maximum thickness with air- 
foil maximum thickness for the NACA 63A-series airfoil sections. 
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Figure 28 .- Continued. 
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Figure 29* 
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Variation of ratio of ordinate to maximum thickness with air- 
aximum thickness for the NACA 64A-series airfoil sections. 
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Figure 29-- Continued 
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Figure 29.- Continued 
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Maximum thickness, t, percent c 


(e) x = 90 to 100 percent c. 
Figure 29 .- Concluded. 
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(a) x = 0.5 to 10 percent c. 

Figure 30.- Variation of ratio of ordinate to maximum thickness with air- 
foil maximum thickness for the NACA 65A-series airfoil sections. 
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(b) x = 15 to 50 percent c. 


Figure 30»- Continued 
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(c) x = 55 to 7° percent c. 



Figure 30.- Continued 
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Figure 30.- Continued 
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Figure 30 •- Concluded. 
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Figure 31«- 


Variation of the ratio of leading -edge radius to maximum thickness squared for the 
NACA 63 -, 64-, and 65 -series airfoil sections. 
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Figure 52.- Variation of the ratio of leading-edge radius to maximum 
thickness squared for the NACA 65 A-, Gkk- , and 65 A-series airfoil 
sections. 
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(a) x = 0.5 percent c. 

Figure 33.- Variation of static-pressure coefficient with airfoil max- 
imum thickness for the NACA 63-series airfoil sections. 



Static-pressure coefficient, (V/V,*, ) 4 


NACA TN 4322 


6l 



(b) x = 0.75 to 5*0 percent c. 


Figure 33*- Continued 
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(c) x = 7.5 to 30 percent c. 


Figure 33.- Continued. 
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(d) x = 35 to 70 percent c. 
Figure 35*- Continued. 
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Figure 33*- Concluded 
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(a) x = O.5 to 2 . 5 percent c. 

Figure 34. - Variation of static-pressure coefficient with airfoil max- 
imum thickness for the NACA 64-series airfoil sections. 
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(b) x = 5*0 to 40 percent 
Figure 34.- Continued. 
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(c) x = 1+5 to 75 percent 
Figure 3 I+. - Continued. 
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(d) x = 80 to 100 percent c. 


Figure 34.- Concluded 
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(a) x = O.5 to 5*0 percent c. 

Figure 35.- Variation of static -pressure coefficient with airfoil max- 
imum thickness for the NACA 65-series airfoil sections. 
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(b) x = 7*5 to 45 percent c. 
Figtire 35 .- Continued. 
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(c) X = 50 to 75 percent c. 


Figure 35.- Continued 
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Figure 35 •- Concluded 


10A 


NACA TN 4322 


73 



Maximum thickness, t, percent c 


(a) x = O .5 to 5*0 percent c. 

Figure 36 .- Variation of static-pressure coefficient with airfoil max- 
imum thickness for the NACA 63A-series airfoil sections. 
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(b) x = 7*5 "to 30 percent c 
Figure 36.- Continued. 
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(c) x = 35 to 95 percent c. 


Figure 36 .- Concluded 
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(a) x = O .5 to 2.5 percent c. 

Figure 37*- Variation of static-pressure coefficient with airfoil max- 
imum thickness for the NACA 64A-series airfoil sections. 
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(b) x = 5.0 to 35 percent c. 


Figure 37 


Continued 
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(c) x = 40 to 95 percent c. 


Figure 37-~ Concluded. 
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Figure 38 .- Variation of static-pressure coefficient with airfoil max 
imum thickness for the NACA 65A-series airfoil sections. 
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Figure 38 .- Continued. 
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Figure 38 .- Concluded. 
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Figure 39 •- Variation of additional velocity- increment ratio with air- 
foil maximum thickness for the NACA 63 -series airfoil sections. 
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(b) x = 0.5 to 2.5 percent c. 
Figure 39.- Continued. 
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Concluded. 
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(a) x = 0 percent c. 

Figure 40.- Variation of additional velocity- increment ratio with air 
foil maximum thickness for the NACA 64-series airfoil sections. 
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(b) x = 0.5 to 2.5 percent c 
Figure 40.- Continued. 
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(c) x = 5*0 to 95 percent c 
Figure 4-0.- Concluded. 
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(a) x = 0 percent c. 

Figure 4l.- Variation of additional velocity- increment ratio with air- 
foil maximum thickness for the NACA 65 -series airfoil sections. 


Additional velocity- increment ratio 


2A 


NACA TN 4322 


89 



Maximum thickness, t, percent c 


(b) x = 0.5 to 2.5 percent c 
Figure 4l.- Continued. 



Additional velocity-increment ratio 


90 


NACA TN 4322 



(c) x = 5.0 to 95 percent c 
Figure 4l.- Concluded. 
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(a) x = 0 percent c. 


Figure k2.- Variation of additional velocity- increment ratio with air- 
foil maximum thickness for the NACA 63A-series airfoil sections. 
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(b) x = 0.5 to 2.5 percent c 
Figure 42.- Continued. 
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(c) x = 5*0 to 95 percent c. 
Figure 42.- Concluded. 


94 


NACA TN 4322 



(a) x = 0 percent c. 

Figure 43*- Variation of additional velocity- increment ratio with air- 
foil maximum thickness for the NACA 64A-series airfoil sections. 
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(b) x = O .5 to 2.5 percent c 
Figure 43- - Continued. 
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(c) x = 5.0 to 95 percent c. 
Figure 43*- Concluded. 
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(a) x = 0 percent c. 

Figure 44.- Variation of additional velocity- increment ratio with air 
foil maximum thickness for the NACA 65 A-series airfoil sections. 
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Figure 44.- Continued 
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(c) x = 5*0 to 95 percent c. 
Figure 44.- Concluded. 
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